Abstract. The spatial and temporal patterns of breeding success of Least Terns Sterna antillarum were studied within a large colony at Sandy Point, Connecticut, an ocean beach on the East Coast of North America. Contrary to the ' selfish herd' hypothesis, nests located in the center of the colony suffered from significantly higher levels of predation and had correspondingly lower hatching and fledging success than nests located at the edge (particularly during 1988). Breeding success dropped from 0.56 chicks per nesting attempt during 1987 to 0.08 chicks per nesting attempt during 1988, primarily due to increased predation by Black-crowned Night-Herons (Nycticorux nycticorax). Abandonment levels were proportionally equal for center and edge. Abandonment decreased slightly during 1988 when Black-crowned Night-Heron predation was most intense. Different patterns of predation were observed for the two major predators, Black-crowned Night-Herons and American Crows (Corvus bruchyrhnchos). Predation by herons included chicks and eggs, began just prior to peak hatching, and was primarily in the center, whereas predation by crows was confined to eggs and was restricted to the edge of the colony. Results from this study suggest that the different impacts of these two predators may be due to the effectiveness of Least Tern antipredator behavior (viz. mobbing). Least Terns appeared not to mob predatory Black-crowned Night-Herons, but the extent of other antipredator behavior is unknown. The high concentration of Least Terns at the Sandy Point makes this colony particularly vulnerable to predators.
INTRODUCTION
Reduced probability of predation among large breeding colonies is one major hypothesis explaining colonial nesting (Wittenberger and Hunt 1985, Brown and Brown 1987, Wiklund and Andersson 1994) . Lower rates of nest predation potentially occur because of early detection of predators, effective deterrence of predators by group mobbing and defense, or predator swamping (Wittenberger and Hunt 1985). Furthermore, predator avoidance may be achieved through the "selfish herd" effect (Hamilton 1971 ). In a "selfish herd," an individual' s survival is determined by the number of its immediate neighbors. Because peripheral nests only have neighbors on one side, the selfish-herd hypothesis predicts that individuals breeding at the edge of a colony should suffer higher losses due to predation than individuals breeding near the these areas (Siegel-Causey and Hunt 1981, Frederick and Collopy 1989, Bunin and Boates 1994) . Several studies have failed to find a difference between center and edge (van Vessem and Draulans 1986, Berg et al. 1992) .
In this study I investigated the influence of predation on the spatial and temporal patterns of breeding success within a large breeding colony of Least Terns (Sterna antillarum). Evidence is presented that predation may be highest in the center of colonies, suggesting that the "selfish herd" model may have restricted application. A permanent, alphanumeric grid was established in the colony and consisted of 10 X 10 m quadrats, with a central marker (brick with the grid coordinates). This grid made it possible to record the presence and location of all nests. Each nest also was marked with a small wooden marker placed 0.5 m from the nest. Nest checks were made by observers entering the colony. and the contents of each nest were noted. Nest checks were conducted every 1 to 3 days before and after peak hatching and every 4 to 5 days during peak hatching (a lo-day period). Nest checks were done concurrently by 3 to 5 observers in different parts of the colony during the cooler parts of the day. The colony was disturbed for a maximum of 30 min. Observers within 2 to 5 m of an active nest were mobbed by the nesting pair. ' However, birds returned immediately to their nests once the observer moved away. Nest progress was followed until the chicks hatched or the nest failed. Colony checks continued until the last chick had fledged from the colony.
METHODS
Edge was defined as a band three nests wide around the perimeter of the colony (the maximum distance a fitted convex polygon penetrated into the colony). Edge was thus defined to reflect direct access to nests by predators. All other nests were in the center region. Nesting density was calculated by dividing the number of active nests by the surface area of the center or edge region. The density of nests in the two regions was measured over the course of the study.
The cause of nest failure was listed as predation based on observed predator attacks or evidence of predators at the nest site. Blackcrowned Night-Heron (Nycticorax nycticorax) predation was deduced from clear tracks at the nest scrape and/or eggs found with large rectangular punctures. Further evidence of heron predation was collected by smoothing the sand around 20 randomly selected nests and identifying tracks the next day; all predated nests (n = 11) had heron tracks in and around them. Nests were considered abandoned when obviously unattended (e.g., slightly scattered, cold) or when nests were several days past the expected hatch date. The fertility of abandoned eggs was not assessed.
Hatching success equaled the number of eggs that hatched/total number of eggs laid (renesting was included). Chick fledging success equaled the proportion of chicks fledged/total number of eggs laid. All chicks found in the colony were banded with U.S. Fish and Wildlife metal bands, and weighed. Band numbers of recaptured chicks were recorded and again individuals were weighed. The number of fledged chicks was calculated by looking at the proportion of chicks to reach 14 days old. Average fledging age is 19 days (Brunton, unpubl. data). As all chicks were individually banded, it was possible to avoid counting the same chick twice. Specific causes of chick mortality could not always be assigned accurately.
Maximum Likelihood logistic analysis (ML) was used to test for differences in hatching and fledging success for regions and years. MantelHaenszel chi-squared approximation tests (Snedecor and Co&ran 1989) were used to compare 
RESULTS

THE CAUSES OF NEST FAILURE HATCHING AND FLEDGING SUCCESS AND NEST LOCATION
A logistic model with "year" and "region within the colony" as main effects was analyzed separately for hatching and fledging success (Table  1) . Pledging success was significantly lower in the center compared to the edge during both years (ML x2, = 45.8, P < 0.001, Table 1 ).
Hatching success did not differ between center and edge nests across years (ML x2, = 3.0, P > 0.08, Table 1 ).
The first sign of Black-crowned Night-Herons during both years was the appearance of tracks in the center of the colony. Because of the impact of Black-crowned Night-Herons during 1987, five evening and night-time observations of the colony were conducted from 17 June to 14 July during 1988. Black-crowned Night-Herons were never observed in or near the colony during daylight hours. Although Black-crowned Night-Herons arrived singly at the colony, the median number of herons observed together in the colony between 20:00 and 22:00 was 3 (range 0 to 4). They always landed in the center of the colony, and we never observed them approaching from the edge, or outside the perimeter of the colony. The length of time spent in the colony was unknown. Reactions to Blackcrowned Night-Herons by Least Terns were difficult to assess; despite general confusion (flying and calling by Least Terns), no overt mobbing of Black-crowned Night-Herons was observed.
THE CAUSES OF CHICK MORTALITY
Causes of chick mortality were difficult to determine once chicks reached a week old and left the immediate region of the nest. The major cause of mortality appeared to be Blackcrowned Night-Heron predation as tracks were present at 100% of the nests where banded chicks less than one week old had disappeared (27 nests in 1987, 119 nests in 1988). Chicks older than one week moved to the salt marsh area adjacent to the colony where long grasses presumably provided shelter.
TEMPORAL PATTERNS OF NEST FAILURE
The relationship between the number of nest failures and the number of active nests for edge and center was analyzed separately for the two years. During 1987 there was no significant difference between center and edge in the frequencies of failed nests (Mantel-Haenszel x2, = 2.4, P > 0.10, Fig. la and lc) . There was a large difference in the temporal patterns of failures between center and edge during 1988 (MantelHaenszel x2, = 33.5, P < 0.01, Fig. lb and Id) . Edge nests showed two peaks of nest losses, one early as nests were being established and the second late in the season. Center nests also showed two peaks of nest losses, one just after hatching commenced (approximately 6 June) and me second late in the season (Fig. 2b and  2d ). Center and edge nesting phenology were slightly different with edge nests continuing to be laid later in the season in both years (Fig. 1) . Both areas showed a peak in activity in early June, however this peak was higher for the center region (Fig. lc and Id) . A significantly different age structure was observed in birds nesting in the center compared with the edge (x2* = 23.3, P < 0.01). Age information was available from 183 center and 100 edge nesting birds recaptured over the two years. Two and three year olds comprised 81% and 15%, respectively, of edge nesting adults, whereas they comprised 52% and 39%, respectively, of center nesting adults. Terns known to be four years or older comprised 9% of center nesting adults and 1% of edge nesting adults.
Temporal patterns of nest failure due to the two major predators, Black-crowned Night-Herons and crows, were examined separately for edge and center for each year (Fig. 2) . Crow predation peaked soon after nest laying (20 May), whereas Black-crowned Night-Heron predation always occurred later (Fig. 2) . Two peaks were observed in the number of Black-crowned Night-Heron attacks for both center and edge nests during 1988 (Fig. 2b and 2d ) and for center nests during 1987 (Fig. 2~) . The first peak occurred after chick hatching commenced, and the second in mid-July when all remaining active nests failed.
There were no significant differences between years in nesting densities for the two regions (edge: Mann-Whitney U = 5; center: U = 8, n, 
DISCUSSION CENTER VERSUS EDGE: THE IMPACTS OF BLACK-CROWNED NIGHT-HERONS AND AMERICAN CROWS
The major cause of nest loss and chick mortality at Sandy Point during the two years of this study was predation by Black-crowned NightHerons and crows. Burger 1988 ). In the present study birds nesting in the center were older and commenced nesting slightly earlier. However, my study not only fails to support the hypothesis that edge nesters suffer higher levels of predation, but demonstrates that the highest levels of predation occur in the center, giving edge nesters the highest reproductive success. This is because Black-crowned NightHerons are able to fly into the center of the colony undeterred by Least Terns. The "selfish herd" hypothesis predicts aggregative behavior because edge individuals are at higher risk. Thus, individuals in the densest parts of the aggregation should be safest. The "selfish herd" hypothesis does not assume active antipredator behavior by the individuals in the group. My findings lead to the conclusion that the "selfish herd" hypothesis has limited application. It may only apply when predators are restricted to approach from the edge due to the type of predator, such as mammalian predators, the effectiveness of the antipredator behavior by the prey species, or the physical characteristics of the nesting site, e.g., cliffs and vertical nesting sites, and shape of the colony.
The relationship between the numbers of active nests in the colony and the patterns of predation depended on the type of predator. Blackcrowned Night-Herons appear to be attracted to the areas of highest Least Tern nesting activity. This idea is supported by the observation of greater levels of Black-crowned Night-Heron predation in the central region where nest density was higher. Further, the timing of first attack on the Sandy Point colony by Black-crowned Night-Herons coincided with peak nest density in the center during both years. Hamilton (197 1) recognized that although animals in groups reduce the risk of predation per individual, the overall level of predation on the group may increase as predators learn to exploit rich food sources. Clode (1993) hypothesized that at some point, the risk of predation for an individual in a group was greater than for a solitary individual. However, Wittenburger and Hunt (1985) suggest that as a general rule, the proportion of nests lost to predators will decrease with increasing colony size once the colony is large enough to "swamp" all local predators. Goransson et al. (1975) 
LITERATURE CITED
